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image sequence of table tennis rally 
taken by a high speed camera (MotionMeter 500) 
frame rate: 1/500 [s]          shutter speed: 1/10000 [s]
resolution : 292x110 [pixel]
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x1 = f  g (p1)
x2 = f  g (p2)
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p = f  g-1 (x | x1, x2, …, xn)






x1 = f  g (p1)
x2 = f  g (p2)
：
xn = f  g (pn)
view-based




パラメータ Lp1 p2 pn
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p = F x
p1 = F x1
p2 = F x2
：





[p1, p2, …, pn] = F [x1, x2, …, xn]
P = F X





















p = f  g-1 (x | x1, x2, …, xn)
p = F x
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p = f  g-1 (x | x1, x2, …, xn)
p = F x
p1 = F x1
p2 = F x2
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p1 = F x1
p2 = F x2
：




x1 = G x0
x2 = G x1
：



























jnj Gxx  mod =+1
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The Key : Cyclic Permutation.







A matrix G transforms
an image to another:
Gj transforms x0 to xj directly.














z Find j such that
for a given image x
■ View Generation














nj     0 <≤
36
Obtaining the matrix G …
Matrix representation
[ ] [ ]12100121 −−− = nnn G xxxxxxxx     KK
0GXX   1 =
LL
Using pseudoinverse
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Block diagonalization










































0120     xxx UDUG
jj
j == nj     0 <≤
Extend j to arbitrary number
Using only finite number of images x0, x1, …, xn-1 ,
Generate xj for any j .
0120     xxx UDUG
jj
j == 1 ,  ,2 ,1 ,0  −= nj K







0120     xxx UDUG
jj == nj     0 <≤
Estimating j of arbitrary number
0120     xxx UDUG
jj
j == 1 ,  ,2 ,1 ,0  −= nj K

























x1 = f  g (p1)
x2 = f  g (p2)
：
xn = f  g (pn)









sin 10°cos10° =F x10
≃      ⋯⋯ 350°340°330° 10° 20° 30°180°
≃
    ⋯⋯ sin(350°) sin(340°) sin(10°) sin(20°) sin(30°) sin(0°) 
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回転量 単位四元数 回転行列 球関数表現
連続性
一対一




























Y 2 1 0 Y 2 1 ±1





Y 0 Y 1 Y 2 Y 3
Y 4 Y 5Y 6Y 7Y 8
単位四元数
q1 q2 q3 q 4


























































































sin kθ  sin k θθj
cos kθ  cos k θθ j
∑
k
sksin k θθjckcos k θθ j
画像間の関係をGで表す
係数算出：内積 シフト法：行列演算





















′ ∑ cl1l2l3Y l1l2l3θ1′ θ2′ θ3′ 
Gの構造を保ったまま拡張
係数算出：最小二乗法 シフト法：姿勢の補間
巡回群による定式化（1自由度）→ 3自由度へ
（玉木ら, 2008）
（玉木ら, 2007）
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姿勢1 姿勢2
姿勢補間による画像補間（位相シフト部）
=∑
m
cl1l2l3Y l1l2l3
再構成
対象画像
サンプル画像数：50枚
（対象画像を含む）
128x128
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